Nonlinear dynamical systems are increasingly informing both theoretical and empirical branches of neuroscience. The Brain Dynamics Toolbox provides an interactive simulation platform for exploring such systems in Matlab. It supports the major classes of differential equations that arise in computational neuroscience: Ordinary Differential Equations, Delay Differential Equations and Stochastic Differential Equations. The design of the graphical interface fosters intuitive exploration of the dynamics while still supporting scripted parameter explorations and large-scale simulations. Although the toolbox is intended for dynamical models in computational neuroscience, it can be applied to dynamical systems from any domain.
: Screenshots of selected display panels in the graphical interface as it simulates a network of n=20 Hindmarsh-Rose [13] neurons. The parameters of the model appear in the control panel on the right-hand side of the application window. The solution is automatically recomputed each time any of those controls are altered. Individual controls can be scalar, vector or matrix values thereby accommodating arbitrarily large parameter sets. A Mathematical equations rendered with LaTeX. B Time portraits. C Phase portrait. D Space-time portrait. E Hilbert transform. F Solver step sizes. the right-hand side of the equation is implemented as a matlab function of the form dYdt=F(t,Y). The toolbox takes a handle to that function and passes it to the relevant solver routine on the user's behalf. The solver 48 repeatedly calls F(t,Y) in the process of computing the evolution of Y (t) 49 from a given set of initial conditions. The toolbox uses the same approach 50 as the standard matlab solvers (e.g. ode45) except that it also manages 51 the input parameters and plots the solver output. To do so, it requires 52 the names and values of the system parameters and state variables. Those 53 details (and more) are passed to the toolbox via a special data structure that 54 we call a system structure. It encapsulates everything needed to simulate a 55 user-defined model. Once a system structure has been constructed, it can be 56 shared with other toolbox users. 
Illustrative Example

80
We demonstrate the implementation of a network of recurrently-connected Hindmarsh-Rose [13] neurons,
where X i is the membrane potential of the i th neuron, Y i is the conductance 81 of that neuron's excitatory ion channels, and Z i is the conductance of its 82 inhibitory ion channels. Each neuron in the network is driven by a locally 83 applied current I i and a network current
that represents the synaptic bombardment from other neurons. The sig- The model is run by loading an instance of the system structure into the 185 toolbox graphical user interface, which is called bdGUI. 
